Introduction {#S0001}
============

Since the introduction of transient elastography (TE) in 2003, measurement of liver stiffness (LS) has become the best non-invasive parameter to screen for liver cirrhosis.[@CIT0001]--[@CIT0003] This success has been largely due to the fact that a) no extensive training is required, b) TE is non-invasive and rapid and, c) reproducible with a lower sampling error than liver biopsy.[@CIT0004] These promising findings stimulated the search for other competing technologies to assess LS. Such techniques are now available on the market such as acoustic radiation force impulse imaging (ARFI), shear-wave elastography (SWE) and magnetic resonance elastography (MRE) the later holding great promises for three-dimensional assessment of stiffness in various organs not restricted to the liver.[@CIT0005]--[@CIT0007] So far, most published biopsy-proven LS studies have been performed with TE (FibroScan^®^) which was the first technique to be introduced. FibroScan relies on a specific implementation of TE that is referred as Vibration-Controlled Transient Elastography (VCTE™).

In general, LS is an excellent surrogate marker of advanced fibrosis (F3) and cirrhosis (F4) and superior to all serum markers.[@CIT0008] LS highly correlates with histological fibrosis stage independent of the underlying liver disease (r\>0.8).[@CIT0004] During fibrosis progression, LS increases continuously from 2 kPa up to 75 kPa (upper detection limit of the FibroScan device). A threshold of 12.5 kPa is widely considered as cut-off value of histological F4 cirrhosis stage although cut-off values are etiology dependent.[@CIT0009] A normal LS (\<6 kPa) is considered to exclude liver pathology and liver fibrosis.[@CIT0004] Finally, LS value highly correlates with portal pressure and complications such as esophageal varices and HCC and are likely at LS values \>20 kPa.[@CIT0004],[@CIT0010] In addition, LS has been shown to be an excellent short and long-term predictor of survival in various settings ranging from the emergency room up to treatment response in viral hepatitis.[@CIT0011]--[@CIT0014] Interestingly, a decrease of LS either during a pharmacological or TIPS intervention seems to predict a favorable outcome.[@CIT0012],[@CIT0015] Longitudinal studies in patients undergoing treatment for chronic hepatitis B and C infection showed that patients were less likely to experience liver-related events if LS had decreased over time.[@CIT0016],[@CIT0017]

Apart from the fibrosis-associated elevation of LS, it is now clear that other conditions can also increase and strongly modulate LS irrespective of fibrosis.[@CIT0004] First major confounders of LS elevation encompassed hepatic necroinflammation, congestion and mechanic cholestasis.[@CIT0018]--[@CIT0021] Later, more complex clinical conditions such as alcohol and food intake were identified to increase LS.[@CIT0004],[@CIT0022] Although not all subcellular factors associated with LS have been clarified yet, it has been clearly demonstrated that histological features such as fibrosis, ballooning and inflammation are causing LS elevation.[@CIT0023],[@CIT0024] Controversies still continue about the role of fat that has been shown to lower LS in the absence of co-presence of inflammation.[@CIT0023] Although ascites has been initially considered a contraindication for LS measurements, a recent study could show that the XL probe can be used to accurately assess LS despite an ascites lamella of up to 35 mm and, moreover, it facilitates the discrimination between hepatic vs non-hepatic ascites.[@CIT0025]

A non-invasive parameter named CAP™ for Controlled Attenuation Parameter has been developed to assess liver steatosis using the FibroScan device.[@CIT0026] CAP is an estimate of the ultrasound attenuation at 3.5 MHz of the liver to overcome most limitations of the steatosis assessment by conventional ultrasound.[@CIT0027],[@CIT0028] In particular, CAP may be suitable for point-of-care diagnostic assessment.[@CIT0027] CAP is recommended by the Asia-Pacific 2017 NAFLD guidelines as accurate alternative to abdominal ultrasonography for the detection of steatosis and by the American association for the study of the liver (AASLD) 2018 guidelines on the diagnosis and management of NAFLD to quantify hepatic fat in an ambulatory setting.[@CIT0029],[@CIT0030] In its latest guidelines on liver ultrasound elastography, the world federation for ultrasound and medicine and biology (WFUMB) has recommended CAP as a point-of-care, standardized and reproducible technique, promising for the detection of liver steatosis.[@CIT0031]

Recently, FibroTouch (FT, Wuxi Hisky, China) has been introduced and a first published large study on 435 patients suggests a similar diagnostic performance for both FT and FS.[@CIT0032] FT claims to be based on the same technical principle as TE and also introduces a CAP-pendant steatosis parameter called UAP (Ultrasound Attenuation Parameter). We here directly compare LS and CAP from the established FS platform with the new FT platform both in phantoms and patients to provide first unbiased data on performance, potential differences and point to consider when applying FT in daily clinical practice.

Methods {#S0002}
=======

Transient Elastography {#S0002-S2001}
----------------------

TE was performed by a physician with an experience of more than 100 FibroScan measurements using the FibroScan 530 Compact (Echosens, France) with M and XL probe and the FibroTouch-FT100 (Wuxi Hisky Med, China). Both devices are CE marked (see [Figure 1](#F0001){ref-type="fig"}). LS measurements on patients were performed on the right lobe of the liver in intercostal position. All patients received three independent examinations with FS and FT, in the following called measurement series one, two and three. LS measurements with FS were first performed using the M probe. XL probe was used in case of M probe measuring failure according to the established protocols. The probes of both devices consist of an ultrasound transducer mounted on the axis of a vibrator. In contrast to FS, FT measurements are triggered using a footswitch. For every examination, the median and IQR of 10 valid measurements were used. Controlled attenuation parameter (CAP) from FS and the corresponding parameter, Ultrasound attenuation parameter (UAP) of FT, were also measured. Notably, for UAP of FT, height and weight of the patient needs to be entered before the measurement can be started. The first examination was performed using the real BMI of the patient, the second examination was done using BMI of 20 kg/m^2^ and the third using 40 kg/m^2^. One patient with ascites was enrolled in the study and successfully measured with M and XL-probe of the FS as reported earlier.[@CIT0025]Figure 1Photograph of the user interface with shear-wave propagation maps from the (**A**) FibroScan and (**B**) FibroTouch device.

Liver Phantom Experiments {#S0002-S2002}
-------------------------

We first compared FibroScan (FS) and FibroTouch (FT) using liver phantoms (CIRS Inc., USA) mimicking mechanical and ultrasound characteristics of human liver. The probes were fixed using a probe holder and a tripod. Five examinations per phantom and device were performed with each measurement resembling the median of 10 valid measurements. Probes were placed at the same spot on the phantom to avoid variations through inhomogeneities within the phantoms. Since a relationship between UAP and entered BMI was discovered, additional experiments were performed with varying entered BMI by changing the entered weight from 38 to 102 kg using a height of 1.6 m.

Patients and Study Design {#S0002-S2003}
-------------------------

The study was conducted at Salem Medical Center and Center for Alcohol Research in Heidelberg, Germany. All patients gave written informed consent prior to inclusion and the study protocol was conformed to the 1975 Declaration of Helsinki and approved by the Ethics Committee of the University of Heidelberg.

39 patients with and without liver disease were included. Further inclusion criteria were age ≥18 and informed consent. The patient with manifest pronounced ascites was not included in the general analysis since assessment by FT had failed. Thus, general analysis was done in the remaining 38 patients. Patient data are summarized in [Table 1](#T0001){ref-type="table"}. Patients received a clinical ultrasound and were then asked to receive liver stiffness measurement (LSM) with FS and FT. Twenty participants (51.2%) were healthy volunteers without diagnosed liver disease, six patients (15.4%) had alcoholic liver disease, two patients (5.2%) had mechanic cholestasis, five patients (12.6%) had known liver cirrhosis, one patient (2.6%) had hepatomegaly of unknown cause, four patients (10.2%) had simple steatosis and one patient (2.6%) had cirrhosis with ascites.Table 1Cohort CharacteristicsMedianIQRAge4923BMI258**GenderCountPercentage**Male2769%Female1231%DiagnosisAlcohol615.4%Cholestasis25.2%Cirrhosis512.8%Cirrhosis + Ascites12.6%Hepatomegaly12.6%Steatosis410.2%None2051.2%

Statistics {#S0002-S2004}
----------

All statistics was performed using Excel 2016 (Microsoft, USA) or SPSS 25 (IBM, USA). Figures were done using MATLAB (MathWorks, USA). Correlations were investigated using Pearson correlation coefficient. Reproducibility was analyzed by calculating intramachine and intermachine intraclass correlations (ICC) and coefficient of variation (CV) and its root-mean-square (RMS-CV). For the intraclass correlations of the different measurement series, we calculated all correlations between the three-measurement series for FS and FT, yielding three correlation coefficients per series. We give the middle correlation coefficient with lowest and highest in parenthesis. For UAP, since different BMIs were used, the UAP with the actual BMI for measurements 2 and 3 was estimated using the found relationship of UAP with BMI from phantom experiments. Furthermore, linear regression and Bland-Altman plots were used to analyze performance of FT with respect to FS. One patient with ascites was analyzed separately. FibroScan was considered as reference method. Besides for reproducibility, the first of the examinations was used for analysis. The statistical methods of this study were reviewed by Thomas Bruckner from Institute of Medical Biometry and Informatics, University of Heidelberg.

Results {#S0003}
=======

Measurements of Liver Phantoms {#S0003-S2001}
------------------------------

Mean LS for FS was 2.6 ± 0.0 kPa and 2.8 ± 0.0 kPa for the low stiffness phantom for M and XL probe, respectively. Mean LS by FT was 1.0 kPa with zero variance. For the high stiffness phantom, FS measured 17.4 ± 0.2 and 16.3 ± 0.5 kPa with M and XL probe, respectively, while FT measured 20.4 ± 0.7 kPa. CAP was 245 ± 14 dB/m and 280 ± 45 dB/m for the low stiffness phantom for M and XL-probe, respectively. UAP was 239 ± 13 and 297 ± 8 dB/m for BMI 20 and 30 kg/m^2^, respectively. To investigate the dependence of UAP and BMI further, we performed an additional experiment with FT on the low stiffness phantom. BMI was altered by changing the weight from 58 kg to 102 kg using always 1.6 m as height. As shown in [Figure 2](#F0002){ref-type="fig"}, UAP clearly depended on the entered BMI. Below a BMI of 35 kg/m^2^, UAP followed the following function: UAP = 3.78 × BMI + 146, R^2^=0.99. Above a BMI of 35 kg/m^2^, no further change of UAP was observed. In contrast, CAP as assessed by FS does not depend on entered variables such as height and weight.Figure 2Dependence of UAP of FT and CAP of FS on entered BMI in phantom experiments.

LS Measurements in Patients {#S0003-S2002}
---------------------------

Age of the 38 patients ranged from 19 and 69 years (median 49 years, IQR 23 years), 69% were male. Median BMI was 25 kg/m^2^, IQR 8 kg/m^2^. 20 patients had FS-LS\<6 kPa, 7 patients had FS-LS between 6 and 8 kPa, 6 had FS-LS between 8 and 12.5 kPa and 4 had LS \>12.5 kPa. 17 patients had a CAP\<250 dB/m, 8 had a CAP between 250 and 300 dB/m and 12 had a CAP\>300 dB/m. Average success rate was 93% and 98% for FS and FT, respectively.

Mean FS-LS was 10.0 ± 13.2 kPa with mean IQR of 1.6 ± 1.5 kPa while FT-LS was 13.0 ± 16.5 kPa with IQR of 3.2 ± 5.1 kPa (P=0.37). Intramachine reproducibility was investigated using the three independent measurements series for each device. Intraclass correlations for FS were 0.99 (0.98--0.99, P\<10^−28^) and for FT were 0.96 (0.94--0.98, P\<10^−17^). RMS-CV was 11.1% and 27.4% for FS and FT, respectively. Intermachine correlations for each measurement series were 0.91 (0.84--0.96, P\<10^−18^), 0.91 (0.84--0.95, P\<10^−17^) and 0.93 (0.87--0.96, P\<10^−19^) for measurement series 1, 2 and 3, respectively. [Figure 3A](#F0003){ref-type="fig"} shows the scatter plot of LSM for FT vs FS from measurement series 1 in double log-scale. Linear regression of FT vs FS yielded the function FT-LSM= 1.17 × FS-LSM + 1.34 with R^2^=0.88.Figure 3Comparison of LSM from FibroTouch and FibroScan. (**A**) Scatter plot of liver stiffness measurement of FibroTouch vs FibroScan with linear fit. (**B**) Bland-Altman plot of liver stiffness measurement of FibroTouch vs FibroScan. The difference of both methods was calculated by LSM~FS~ minus LSM~FT.~

[Figure 3B](#F0003){ref-type="fig"} shows the Bland-Altman analysis. The mean difference of both measures was −3.1 kPa with limits of agreement of −15,4 kPa and +9.1 kPa. It can be also seen that FT tends to overestimate LS with respect to FS. In [[Supplemental Fig. S1](https://www.dovepress.com/get_supplementary_file.php?f=245455.docx)]{.ul}, an additional scatter plot is shown, where patients are ordered according to their FS-LS measurement from lowest to highest. On the y-axis, LS for FS and FT is shown. FT tended to overestimate LS and at FS-LS \> 10 kPa, all FT-LS values were higher.

Case with Ascites {#S0003-S2003}
-----------------

One patient (age 69 years, male, BMI 18.6 kg/m^2^) with cirrhosis and ascites was investigated separately. While the M-probe of FibroScan failed, valid LSM were obtained using the XL-probe. Mean FS-LS was 38.0 ± 8.9 kPa (success rate (SR) 100%), 48.8 ± 11.9 kPa (SR 66.7%) and 68.4 ± 30.7 kPa (SR 58.8%) for examination 1, 2 and 3, respectively. CAP was between 100 and 177 dB/m in all 3 examinations. Using FT, FT-LS was 7.2 ± 3.6 kPa (SR of 35%), 8.3 ± 3.6 kPa (SR 76.9%) and 6.4 ± 3.2 kPa (SR of 35%) for examination 1, 2 and 3, respectively. UAP was between 163 and 248 dB/m.

CAP and UAP {#S0003-S2004}
-----------

For measurement series one, mean CAP was 258 ± 65 dB/m with a mean IQR of 42 ±28 dB/m while mean UAP was 265 ±53 dB/m with a mean IQR of 11 ±8 dB/m. UAP was highly correlated with CAP (r=0.83, P\<0.001). Both, CAP and UAP were also highly correlated with BMI with Pearson correlation coefficients of 0.73 and 0.79 (p\<0.001) for CAP and UAP, respectively. Intramachine intraclass correlations were 0.84 (0.75--0.91, P\<10^−9^) for FS. For FT, when using the real BMI of the patient, intraclass correlations were 0.95 (0.91--0.97, P\<10^−18^). If using three different BMI (real, 20 and 40 kg/m^2^), intraclass correlations were 0.81 (0.70--0.89, P\<10^−10^). CV-RMS were 9.7%, 12.9% and 6% for FS, FT with different BMI and FT with real BMI, respectively. Intermachine correlations were 0.81 (0.67--0.90, P\<10^−7^), 0.73 (0.54--0.85, P\<10^−5^) and 0.83 (0.69--0.91, P\<10^−7^) for measurement series one, two and three, respectively, using real BMI for FT. In [Figure 4A](#F0004){ref-type="fig"}, the scatter plot of UAP vs CAP from measurement series one is shown. Linear regression yielded UAP = 0.68 × CAP + 90, R^2^=0.68. [Figure 4B](#F0004){ref-type="fig"} shows the Bland-Altman plot for UAP vs CAP from series one. Mean of the difference was −7 dB/m and limits of agreement were rather high with −77 and +62 dB/m for the lower and upper limit. In [[Supplemental Fig. S2](https://www.dovepress.com/get_supplementary_file.php?f=245455.docx)]{.ul}, CAP and UAP are shown for patients ordered according to CAP from lowest to highest. [Figure 5](#F0005){ref-type="fig"} shows UAP for all patients with three different BMI values. The linear function received from linear regression is 3.02 × BMI + 186 and is comparable to the function retrieved from phantom experiments.Figure 4Comparison of ultrasound attenuation parameters from FibroTouch and FibroScan. (**A**) Scatter plot of UAP vs CAP with linear fit. (**B**) Bland-Altman plot of UAP vs CAP. The difference between both methods was calculated by CAP minus UAP.Figure 5Ultrasound attenuation parameter (UAP) from FibroTouch results of each patient and each measurement series dependent on BMI. First measurement on the patient used the real BMI of the patient, the second measurement a BMI of 20 kg/m^2^ and the third measurement a BMI of 40 kg/m^2^. The association of UAP =3.02 × BMI+186 is similar to the association found in phantom experiments.

Discussion {#S0004}
==========

We here compared a newly commercially available FibroTouch from Wuxi Hisky Med, China with the established FibroScan from Echosens, France.[@CIT0001] Both devices are based on the technical principle of transient elastography and provide liver stiffness measurements and ultrasound attenuation measurements for the non-invasive assessment of liver fibrosis and steatosis. While LSM showed a moderate to good correlation between the two devices, the liver steatosis parameter seems to be misleading in the FibroTouch device.

Due to the many biopsy-proven studies based on FibroScan, it is now well accepted to compare novel elastographic techniques against FibroScan and not liver histology. Besides ethical aspects, this is also due to the better sample error of FS-TE as compared to histology.[@CIT0004] Although FT yielded comparable LSM as compared to the established FibroScan device, FT showed higher variations in LSM results and reduced intramachine reproducibility and intraclass correlations. In some patients, the difference of the methods was more than 10 kPa. As such high variations can lead to a significant of fibrosis stage, FT-LS should be interpreted with caution. In confirmation to a previous study, FS-LS could be obtained using the XL probe in a patient with significant ascites, while false data were measured by the FT device.

The most striking difference between both devices was observed with regard to liver steatosis. The UAP value of the FT device which is supposed to be a measurement of ultrasound attenuation used as a surrogate marker of hepatic steatosis such as the CAP from the FS device, could be identified to be a calculation involving mandatory entered data, in this case the height and weight of the patient. This could be shown both for the assessment in patients and phantoms. Thus, UAP on the FT device is misleading on not directly measuring ultrasound attenuation. Users are explicitly given the impression that UAP mirrors the CAP as a real and purely physical measurement of ultrasound attenuation while it actually is to a large extend calculated from entered data.

On a more subjective user experience, other important differences were observed between FS and FT. FT, like FS, uses a transient vibration to create the shear wave, the shear-wave propagation image, however, shows multiple waves and is of lower quality. Interestingly, the LSM in the FT device are triggered by a footswitch instead. In addition, the FT only comes with a single probe and no dedicated probes for obese people or children are available. Finally, FT does not store shear-wave propagation images which is a limitation for later analysis.

In a recently published large biopsy-based study within the so-called Riu Jin-Touch project comparable performance and cut-off values were found for FS and FT.[@CIT0032] Patients (N=435) were mostly lean (median BMI of 22.6 kg/m^2^) with mixed etiologies but mostly HBV. In contrast to this study, we found a larger variability and a tendency to overestimate LS by FT. Intraclass correlations were 0.96 for FT while they were 0.99 for FS. As also mentioned by this study, failure rates of FT were 0% which suggests insufficient rejection methods for unreliable measurements. This also explains why e.g. in our patient with ascites and a valid LS as obtained with FS using the XL probe, a completely different LS was obtained by FT.

In conclusion, this first independent comparative study between FS and FT in phantoms and humans shows important differences between both devices. Although we performed the back-to-back comparison in a rather small sample size, obvious differences could be noted especially with regard to UAP. Caution should be taken to simply apply FS-established cutoff values and reliability criteria for the new device. While good to moderate LSM could be obtained on the FT, the CAP-pendant UAP is misleadingly described as a pure measurement of ultrasound attenuation. Instead, UAP seems to be calculated directly from the entered height and weight of the patient. In summary, FT could be used for LS estimations but elevated LS should be validated on other more established elastography modalities.

Conclusion {#S0005}
==========

FT-LS can be used to assess LS but more established elastography modalities should be used for validation. No steatosis can be measured on the FT platform since UAP clearly seems to include a calculation from entered data instead of a real physical measurement of ultrasound attenuation.
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